The authors report two rare cases of arteriovenous malformation (AVM) associated with moyamoya disease. An AVM, supplied by transdural communicating arteries, was located in the right occipital lobe in one patient who presented with ischemia. The second AVM, which was supplied by basal moyamoya vessels, was located in the posterior part of the left frontal lobe in a patient who developed intracerebral hemorrhage that occupied the left basal ganglion.
The incidence of arteriovenous malformation (AVM) in association with moyamoya disease and occlusive vascular disease in bilateral internal carotid artery (ICA) systems is extremely rare in contrast to the incidence of saccular aneurysms in patients with this disease. [1, [3] [4] [5] [6] [7] [8] The pathogenesis and prognosis in patients with AVMs remain unclear, although the possible role of hemodynamic stress has been suggested to account for the pathogenesis of saccular aneurysms in these patients. In this paper, we describe two patients with moyamoya disease in whom an AVM was found, and we discuss the pathogenesis of the combination of two different vascular diseases.
CASE REPORTS

Case 1
This 37-year-old man presented with right-sided hemiparesis that had begun 3 months earlier. His right arm weakness had improved within 1 month; however, his leg weakness persisted. At the age of 8 years, he had experienced a transient episode of gait disturbance, although he did not remember noticing hemiparesis at that age. Thereafter his mental development has been delayed. Neurological examination on admission revealed left leg weakness; neuropsychological test estimated his intelligence quotient score to be 60. Magnetic resonance imaging showed bilateral frontal and temporooccipital watershed infarction and vascular channels that were suggestive of AVM in the right occipital lobe (Fig. 1) . Common carotid artery angiography revealed ICA occlusion above the ophthalmic arteries with bilateral moyamoya vessels at the base of the brain. An AVM supplied by transdural communicating arteries was revealed in the right occipital lobe (Fig. 2) . The patient underwent bilateral encephaloduroarteriosynangiosis; however, his neurological status remained unchanged. Follow-up angiography performed 1 year after initial angiography revealed no significant vascular change. 
Case 2
This 44-year-old previously healthy woman developed a headache, subsequent emesis, and loss of consciousness. On admission, she was stuporous and showed decerebrated posture movements on the right side. Computerized tomography scanning revealed an intracerebral hematoma that occupied the left basal ganglion and extended to the temporal lobe (Fig. 3) . Common carotid artery angiography demonstrated occlusion of the bilateral ICA at the supraclinoid portion with moyamoya vessels. Angiography unexpectedly revealed an AVM, which was supplied by basal moyamoya vessels and drained into the internal cerebral vein and tortuous sylvian vein, at the base of the left frontal lobe (Fig. 4) . However, we could not discern from the angiogram whether the intracerebral hematoma was induced by rupture of the AVM or by the fragile moyamoya vessels. Because the dissection of the vascular malformation from the adjacent moyamoya vessels was considered to be too difficult, the patient was managed conservatively. She regained consciousness over the following 3 weeks; however, her right-sided hemiparesis and aphasia persisted. Repeat angiography 1 year postictus demonstrated no significant vascular change and magnetic resonance imaging demonstrated flow void of basal moyamoya vessels and an AVM at the base of the left frontal lobe adjacent to porencephaly after the intracerebral hemorrhage; however, it was impossible to discriminate between moyamoya vessels and the AVM (Fig.  5) . The patient experienced no more hemorrhagic episodes during the subsequent 4 years. 
DISCUSSION
In contrast to cerebral aneurysms, AVMs associated with moyamoya disease are extremely rare. A total of twelve AVMs in association with eleven cases of moyamoya disease have been reported (Table  1) . [1, [3] [4] [5] [6] [7] [8] In all cases, occlusive vascular disease with moyamoya vessels was demonstrated on cerebral angiography in the bilateral terminal portion of the ICA or the origin of the anterior cerebral and middle cerebral arteries. Two independent AVMs were present in the bilateral frontal lobe in one patient. [6] Six of the patients presented after ischemic attacks, and four patients developed intracerebral hemorrhages. One patient suffered from a caudate hemorrhage in the contralateral side of the AVM. [1] Two patients sustained intracerebral hemorrhages in the thalamus [4] and basal ganglion, respectively, near the nidus of AVM; however, it was unclear whether the hemorrhage was due to rupture of the AVM or the fragile moyamoya collateral vessels. Based on neurological signs one patient was presumed to be developing an intracerebral hemorrhage ,which was not documented. [4] The patient who experienced hemorrhage in the thalamus had a 28-year history of seizures; [4] there have been no other descriptions of patients who presented with seizures. Eleven AVMs were located in the cerebral hemisphere and one in the corpus callosum. Two AVMs were supplied by normal cerebral arteries, whereas 10 AVMs in nine cases were supplied by moyamoya collateral vessels. Six of the AVMs were supplied by moyamoya vessels at the base of the brain, and four were supplied by external carotid arteries through transdural communicating arteries. In all cases except one, in which venous drainage was not reported, the AVMs drained into cerebral veins that were sometimes tortuous or abnormally dilated.
The pathogenesis of AVMs associated with moyamoya disease remains unclear. It is possible that these two independent vascular diseases may occur in one patient. Two AVMs have been described that were supplied, not by the moyamoya collateral vessels, but by normal cerebral arteries. These cases might be the coincidence of moyamoya disease and AVM. However, on reviewing the literature, it is noticeable that 10 out of 12 AVMs in patients with moyamoya disease were supplied by moyamoya collateral vessels at the base of the brain or by transdural communicating arteries. Furthermore, Schmit, et al., [8] have reported a patient with moyamoya disease in whom the development of an AVM was demonstrated by repeated angiography over a 9-year period. [8] Examination of these facts suggests that such AVMs were not congenital lesions but acquired arteriovenous shunts that developed as a consequence of angiogenic failure. In patients with moyamoya disease, hyperangiogenic character was suggested by significantly elevated levels of basic fibroblast growth factor in the cerebrospinal fluid compared to the patients with atherosclerotic occlusive disease. [9] Furthermore, accumulation of basic fibroblast growth factor in the intima and media of the superficial temporal artery in patients with moyamoya disease has also been demonstrated. [2] The hyperangiogenic character plays an important role in the development of the collateral vessels following the progressive stenosis of the cerebral arteries; however, this in turn possibly leads to development of the arteriovenous shunt that mimics an AVM.
The histological differences between the congenital AVM and the AVM associated with moyamoya disease have not been elucidated. One AVM located in the parietal lobe in a patient with moyamoya disease was resected and verified to have the same histological features as congenital AVM. [7] However, the AVM was not supplied by moyamoya collateral vessels but by the prerolandic artery. The case was described as a coincidence of AVM and moyamoya disease. Hence, it does not always imply the general histological appearance of the AVM in association with moyamoya disease. No other AVMs have been examined histologically; therefore, it remains unclear whether or not the AVM associated with moyamoya disease is histologically different from congenital AVM.
In conclusion, we present two patients in whom moyamoya disease was accompanied by an AVM. Although the coexistence of moyamoya disease and AVMs may be a rare coincidence in some cases, it is more likely that the hyperactive angiogenesis led to the formation of acquired arteriovenous shunts in these patients.
